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1. IntroductIon
Mushrooms are fruiting body of macrofungi which are a 
good source of proteins minerals1 and non conventional sugars 
like mannitol and trehalose2. Mushroom is a low calorie food, 
which is particularly beneficial to diabetic and hypertensive 
patients3 due to the presence of unconventional sugars and high 
content of potassium. Moreover mushroom is a vegetarian 
source of protein which is particularly important with respect 
to food habits of Indians. Edible mushrooms are now termed as 
culinary-medical mushrooms as they possess therapeutic effects 
against pathologic condition4. Mushrooms are rich in bioactive 
compounds polysaccharides called glucans and disaccharides 
like trehalose. Glucans are glucose based polymers having 
glycosidic linkages (eg. β-1,3). Mushroom β-D-glucans act as 
immunomodulators5, particularly those from Pleurotus sajor-
caju (β-1,3-glucan) have anti-diabetic activity6 . Trehalose is a 
disaccharide found in oyster mushrooms that help in arresting 
hepatic steatosis and thus provides a therapeutic option for non 
alcoholic fatty liver disease (NAFLD)7. Glucan rich fractions 
are extracted from mushrooms for therapeutic purposes and 
prebiotic activity8. Likewise, trehalose rich fractions extracted 
from mushrooms are also used for different therapeutic 
purpose9. The aim of this paper is to give an account of the 
different bio-active molecules found in cultivated edible 
oyster mushrooms and to seek for probable correlation 
among taxonomic relations (derived from IR spectra vs DNA 
sequence) between them, if any. The authors have explored the 
scope to use IR spectroscopy to segregate mushroom harvests 
according to availability of bioactive compounds so as to 
ensure greater profits on extraction of compounds from them. 
For this purpose, sugars, β-1,3-glucan and chitin (polymer 
of N-acetyl D-glucosamine) found in cell wall of fungus and 
chitosan which is deacetylated derivatives of chitin, present in 
oyster mushrooms are taken as experimental analytes. Chitin 
and chitosan reportedly decreases the physiological cholesterol 
pool. The sugar concentrations in the mushrooms are quantified 
by HPLC and the signature IR spectra of mushrooms are 
compared to that of standard sugars. The proximity between the 
signature IR profiles of standard sugars and those in mushroom 
samples may be useful in assessing the presence or absence of 
that particular sugar (analyte) within a particular mushroom 
sample. Similar IR spectra matching strategy is also applied for 
glucan, chitin and chitosan between mushroom samples and 
respective standards.
2. MaterIals and Methods
2.1 oyster Mushroom cultivation
Oyster mushrooms were cultivated in mushroom 
cultivation unit of Defence Research Laboratory, Tezpur, India. 
The following strains were cultivated; Hypsizygus ulmarius 
(Hu), Pleurotus cornonucopiae (Pc), Pleurotus ostreatus (Po), 
Pleurotus flabellatus (Pf), Pleurotus sajor-caju (Psc) and 
Pleurotus platypus (Pp). The fruiting bodies were harvested, 
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sundried and ground to powder. The saccharide, chitin and 
chitosan standards were procured from M/s Himedia, India and 
β-1,3-glucan standard was procured from M/s Sigma-Aldrich, 
St. Louis, USA. 
2.2 Ir spectra
For transmission infrared spectroscopy, powdered fruiting 
body was milled with 1 % potassium bromide and pressed into 
a pellet. FT-IR spectra was recorded on a Bruker instrument 
(model: Alpha II) from 500 cm-1 - 4000 
cm-1 having resolution limit of 4 cm-1 and 
20 scans per second. Similarly spectra 
of standards were also determined in a 
similar fashion. IR spectrum of Pleurotus 
flabellatus was recorded on a Perkin 
Elmer Frontier FT-IR at Sophisticated 
Analytical Instrumentation Centre 
(SAIC), Tezpur University under similar 
experimental conditions. 
2.3 hPlc analysis
For HPLC analysis of saccharide content in mushroom, 
method of Jagannath10, et al. has been followed. Extraction 
and clean up of dried mushroom powder (1g) was done with 
80% ethanol (40 ml) at 80 °C for 30 min. The suspension was 
subjected to centrifugation at (15,000g; 10 min). Concentration 
of supernatant was done at 60 °C under low pressure condition 
and defatting with ethyl ether (10 ml) was done thrice in 
regular interval. Post concentration of the supernatant at 
40°C, the residue was dissolved in water and volume made 
up to 5 ml. The samples were put to centrifugation (8000g; 
20 min) followed by filtering the supernatant via 0.45 µ 
syringe filter. The extracts were passed via alumina Sep-Pak 
C-18 cartridge (M/s Waters Corporation, Milford, MA, USA) 
before subjecting them to HPLC analysis. HPLC system 
consisted of a HPLC pump (Waters 515), pump control 
module II, Rheodyne sample injector (4 µm), Carbohydrate 
High Performance Column (4.6 x 250 mm) and a Waters 
2414 Refractive Index Detector. 10 µl extract was injected 
into the column maintained at 30 °C. The isocratic mobile 
phase was acetonitrile : water mixture (80:20, v/v) with a 
flow rate of 1.25 ml/min. Standard sugars were used for 
calibration. Identification of sugar was made by comparing 
the relative retention times of sample peaks with standards. 
Sugar concentration was calculated based on peak area 
measurements. Results were expressed in g/100 g dry 
weight, calculated by internal normalisation of the 
chromatographic peak area. 
2.4 Its based Phylogeny analysis
Phylogenetic tree of mushroom species was prepared 
from DNA sequence derived from secondary sourced 
data from Pubmed. DNA sequence of internal transcribed 
space region (ITS) with accession numbers (MF459667.1 
Pleurotus flabellatus, AY540329.1 Pleurotus sajor-caju 
strain S049, KY962504.1 Pleurotus cornucopiae isolate 
P88, MF459668.1 Hypsizygus ulmarius and NR_163515.1 
Pleurotus ostreatus TENN 53662; ITS sequence of Pleurotus 
platypus was not available) were downloaded from the National 
Centre for Biotechnology Information (NCBI) data base using 
BLASTN. Sequence alignment was done using MUltiple 
Sequence Comparison by Log-Expectation (MUSCLE). 
Evolutionary history was inferred using the Neighbour-Joining 
method in MEGA X.011,12. The bootstrap consensus tree (500 
replicates) is taken to represent the evolutionary history of the 
taxa in question13. The evolutionary distances were computed 
using the Kimura-2 parameter method14 (Fig. 1). 
Figure 2. comparison of assigned bands (cm-1) from the Ir spectra 
of different Pleurotus species.
٭ Dendrogram illustrating the grouping of 06 Pleurotus taxa after ward linkage 
analysis and rescaled distance clustering in the 1750-800 cm-1 region. Po and 
Pf are placed in group A while Pp, Pc, Psc and Hu are placed in group B.
Figure 1. a neighbour-Joining unrooted phylogenetic tree showing evolutionary 
relationships of the Its gene sequences.
2.5 Ir-based Phylogeny analysis
The IR data based phylogenetic tree was prepared by the 
following method; post smoothing and baseline-correction 
of spectral data, a spectral range for each strain were 
exported as Excel files. The wavenumber values were further 
processed through SPSS Statistics ver. 20 (IBM) software 
package by applying Ward/Euclidean distance methods15 as 
shown in Fig. 2.
3. results
3.1 Ir spectral Band delineation
Galactose and trehalose were the sugars found in all the 
mushroom samples. Other than these two sugars, fructose 
and sucrose were found in Hu and Pc respectively. The 
concentrations of different sugars in different mushroom 
samples are given in Table 1. Table 2 enumerates the IR signature 
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of the standard compounds like trehalose dihydrate, β-1,3-
glucan, chitin and chitosan. The assigned bands of different 
oyster mushroom species are compared to that of the standards 
[as shown in Table 3] in their closest approximate values in 
cm-1. Mushrooms are rich in glucans and a group of fungal cell 
walls are made up of β-1,3-glucan. For β-1,3-glucan, the band 
at 890 cm-1 ‘glucan band’ [β anomer; C-H deformation] is the 
signature band16. This glucan band is found too in chitin and 
chitosan. The bands between 750-950 cm-1 interval correspond 
to glucans [α or β anomer, C1-H deformation band]
17. A band 
at 1747 cm-1 (attributed as Amide I band) assigned to cell 
membrane phospholipids. 1747 cm-1 band may either be 
sharp or appear as a broad shoulder on water bending band, 
depending upon the moisture levels in the sample18. Another 
two signature bands for glucan are 1642 cm-1 (O-H-O bending 
of bound water) and 1558 cm-1 (Amide II band). The origin of 
the Amide bands (I and II) are as follows, the Amide I band 
is because of carbonyl stretching vibrations while Amide II is 
chiefly due to NH bending vibrations19. 806cm-1 and 952 cm-1 
are confirmatory bands for Mannan [α (1-6) linked backbone 
with α (1-3) and α (1-2) linked branches] type glucan and chitin 
(N-acetylglucosamine based polymer) respectively20. Spectra 
table 1.  concentration of sugar in different mushroom samples 
(Mean ± sd, n =3 ).
name of mushroom name of sugar
concentration of sugar
(g/100 g dry weight)
Pleurotus sajor-caju Galactose 3.38 ± 0.40
Trehalose 19.32 ± 0.98
Pleurotus ostreatus Galactose 3.82 ± 0.36
Trehalose 12.46 ± 1.0
Hypsizygus ulmarius Fructose 0.574 ± 0.22
Galactose 2.52 ± 0.11
Trehalose 18.60 ± 0.88
Pleurotus platypus Galactose 1.42 ± 0.04
Trehalose 7.00 ± 0.20
Pleurotus flabellatus Galactose 3.54 ± 0.03
Trehalose 5.801 ± 0.12
Pleurotus cornonucopiae Galactose 1.96 ± 0.02
Trehalose 4.99 ± 0.11
Sucrose 0.58 ± 0.04
table 2. comparison of assigned bands (cm-1) from the IR spectra of standard compounds of trehalose dihydrate, β-1,3-glucan, 
chitin and chitosan.
trehalose dihydrate β-1,3-glucan chitin chitosan
3494 (anti stretching H2O,w) ------ ------ ------
2948 (C-H stretching, w) 2924 (C-H stretching; Pyranose ring) ------ ------
2933 (C-H stretching, w) ------ ------ 2926 (C-H stretching;
Pyranose ring, s)
2902 (CH2 stretching, w) ------ ------ ------
2879 (C-H stretching, w) ------ ------ ------
2351 (C-H stretching, w) ------ ------ ------
1684 (Deformation H2O) ------ 1624 (sharp, vs) 1664 (Amide I band)
1443 (Deformation CH2,m) ------ 1552 (Amide II Band) 1586 (NH2 deformation)
1353 (Rocking C-H, m) 1367 (Bending + O-H bending) 1369 (Bending + O-H bending) 1378 (Bending + O-H bending)
1329 (Rocking C-H, w) 1313 (CH2 deformation + C-O-H 
bending)
------ ------
1237 [C.F.] 1257 [C.F.] 1264 [C.F.] 1250 [C.F.]
1125 [C.F.] 1197 [C.F.] 1203 [C.F.] 1147 (C-H stretching;
Pyranose ring) [C.F.]
------ 1150 [C.F.] 1150 (C-H stretching;
Pyranose ring) [C.F.]
1056 [C.F.]
------ 1100 [C.F.] 1116 [C.F.] 1022 [C.F.]
1078 (Torsion CO-H, m) [C.F.] 1044 [C.F.] 1074 [C.F.] ------
995 (C-O stretching, v) 886 (Glucan band β anomer; C-H 
deformation)
890 (Glucan band β anomer; C-H 
deformation)
888 (Glucan band β anomer; 
C-H deformation)
953 (C-O stretching, w) ------ ------ ------
695 (Torsion CO-H, w) ------ ------ ------
539 (Torsion CO-H, w) ------ ------ ------
(s = strong, m = medium, w = weak, vs = very strong and v = variable intensity, anti = antisymmetric and sym = symmetric movements) C.F.= Carbohydrate 
Fingerprint [ generally 1000-1200 cm-1 is taken as the carbohydrate fingerprint zone9.
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table 3. comparison of assigned bands (cm-1) from the Ir spectra of different strains of oyster mushrooms. the band data given in 
parentheses corresponds to the bands of the standard compounds that are in alignment with bands of the oyster mushroom 
samples. Bands of oyster mushroom samples without parentheses could not be assigned.
Pleurotus ostreatus 
(Po)
Hypsizygus ulmarius 
(hu)
Pleurotus sajor-caju 
(Psc) 
Pleurotus 
cornonucopiae (Pc)
Pleurotus platypus 
(Pp)
Pleurotus flabellatus 
(Pf)
---------- 3393 3393 ---------- ------ 3400
3271 [3265 vs, vbr 
O-H str, chitin] --------- --------
3271 [3265 vs, vbr 
O-H str, chitin]
3273 [3265 vs, vbr 
O-H str, chitin] ------
2926 [ C-H str 
pyranose ring; 
glucan or chitosan]
2930 [2933m, C-H 
str: chitin]
2926 [2925, C-H str 
of pyranose ring: 
chitosan or glucan]
2919 [2925, C-H str 
of pyranose ring: 
chitosan or glucan]
2919 [2925, C-H str 
of pyranose ring: 
chitosan or glucan]
2923 [2925, C-H str of 
pyranose ring: chitosan 
or glucan]
2852 [ 2855, CH2 
str pyranose ring; 
glucan]
------- --------
2850 [2855, CH2 str 
pyranose ring; glucan]
2859 [2855, CH2 
str pyranose ring; 
glucan]
------
2356 2355 ------- 2358 ------- -------
2344 ------ -------- 2340 ------- --------
-------- -------- ------- ------- 2315 --------
-------- -------
1740 [1747, Amide I 
band corresponding 
to membrane 
phospholipids]
1747 [1747, Amide I 
band corresponding 
to membrane 
phospholipids]
1743 [1747, Amide I 
band corresponding 
to membrane 
phospholipids]
---------
------- -------- --------- ----------- ---------
1657 [1656m, Amide I 
band; chitosan]
------
1648 [1642m, br,+ 
O-H-O bending 
of bound water in 
glucan]
1642 [1642m,br, 
O-H-O bending 
of bound water in 
glucan]
--------
1637 [1642m,br, 
O-H-O bending 
of bound water in 
glucan]
---------
1631 [1628 vs, sh; 
chitin] --------- --------- -------- -------- ---------
---------- ---------- --------- 1570 -------- -----------
1555 [1558, Amide 
II band; glucan]
1560 [1560vs Amide 
II band; chitin]
1550w [1558w, 
Amide II band; 
glucan]
1555 [1558w, Amide 
II band; glucan] -------- -----------
-------- --------- --------- --------- 1546 -----------
--------
1399 [1391m 
C-H str pyranose 
ring;chitin]
---------
--------- ---------- --------
-------- --------
1380 [1381m, + O-H 
bending; chitosan] -------- ------------ --------
1373 [1376, O-H 
bending, glucan] ---------- ---------- --------- ---------
1376 [1376, O-H 
bending, glucan]
------- --------- ---------- 1367 1369 --------
1311 [1314, C-O-H 
bending + CH2 
deformation; chitin]
-------- ---------
1311 [1314, C-O-H 
bending + CH2 
deformation; chitin]
1313 [1314, C-O-H 
bending + CH2 
deformation; chitin]
--------
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in the range of 1000-1200 cm-1 serves as the carbohydrate 
fingerprint region and may serve as an indicator of mushroom 
genus21.
3.2 Phylogenetic tree construction based on Ir 
data
For IR based phylogeny delineation, the following 
spectral points and/or regions (cm-1) were selected [1740-
1750, 1657, 1650-1640, 1631, 1570, 1569-1560, 1546, 1399, 
1380, 1379-1370, 1369-1360, 1320-1310, 1250-1239, 1205-
1195, 1151-1150, 1074, 1043, 1035-1025 and 807-805] and 
dendrogram prepared thereafter (Fig. 3). Group B includes 
the strains, Pp, Pc, Psc and Hu which are subdivided into 
two separate clusters. Group A consists of strains Po and Pf. 
Due to differential IR response in the 807-805 cm-1 region, Pc 
and Po are likely to be linked although they fall under two 
separate groups. In the wavenumber range 1250-1239 cm-1, all 
the species record closely spaced characteristic “carbohydrate 
fingerprint” IR signal, which provides somewhat unique 
chemical identification mark for different mushroom species 
belonging to genus Pleurotus. 
3.3 Phylogenetic tree construction based on dna 
sequence data
For DNA sequence based phylogeny delineation, ITS 
sequences of all the mushroom species (except Pleurotus 
platypus, due to non availability of its’ ITS sequence in NCBI) 
were subjected to multiple sequence alignment and an unrooted 
phylogenetic tree consisting of two main branches was obtained. 
The phylogenetic relatedness among the species studied was 
deduced from the tree image. The species Pleurotus flabellatus 
was found to be closely related to Pleurotus sajor-caju strain 
(confidence value 96). Similarly Hypsizygus ulmarius is 
closely related to Pleurotus ostreatus (confidence value 99). 
The species Pleurotus cornucopiae is distantly related to both 
Pleurotus flabellatus and Pleurotus sajor-caju strain. It has 
been observed form the tree image that the species can be 
categorised into two distinct clades, Clade I comprising of the 
species Pleurotus flabellatus, Pleurotus sajor-caju strain and 
Pleurotus cornucopiae while Clade II comprises of the species, 
Hypsizygus ulmarius and Pleurotus ostreatus. 
4. dIscussIon
From the above results it is evident that IR spectra can 
be used to qualitatively assess the presence of particular 
classes of bioactive molecules in mushroom samples. ‘Glucan 
band’ at 890 cm-1 is a signature identification band for β-1,3-
glucan, while 806 cm-1 and 952 cm-1 are confirmatory bands 
for Mannan type glucan and chitin. Amide I band (1747 
cm-1) is a signature band for cell membrane phospholipids. 
‘Carbohydrate Fingerprint’ region at 1000-1200 cm-1 serves as 
indicator of mushroom genus. Thus IR spectra provide us with 
a suitable non-destructive tool to segregate mushroom harvest 
according to presence or absence of certain bio-molecules. But 
1248 [carbohydrate 
fingerprint 
zone, 1246, PO2 
antisymm str]
1247 [carbohydrate 
fingerprint zone, 
1246, PO2 antisymm 
str]
1246 [carbohydrate 
fingerprint zone, 
1246, PO2 antisymm 
str]
1239 [carbohydrate 
fingerprint zone]
1241 [carbohydrate 
fingerprint zone]
1250 [carbohydrate 
fingerprint zone, 1246, 
PO2 antisymm str]
1199 [carbohydrate 
fingerprint zone] ------ --------
1199 [carbohydrate 
fingerprint zone] -------
1204  [carbohydrate 
fingerprint zone]
1150 [carbohydrate 
fingerprint zone ] ------ --------
1150 [carbohydrate 
fingerprint zone]
1150 [carbohydrate 
fingerprint zone]
1151 [carbohydrate 
fingerprint zone]
------ ------ ------- ------- --------
1074 [carbohydrate 
fingerprint zone; 1078vs; 
glucan + 1074s, br; 
chitin]
------ ------- -------- -------- --------
1043 [carbohydrate 
fingerprint zone; 1042vs, 
glucan]
1033 [carbohydrate 
fingerprint zone; 
confirms presence 
of chitin or 
chitosan]
1033 [carbohydrate 
fingerprint zone, 
confirms presence of 
chitin or chitosan]
1033 [carbohydrate 
fingerprint zone, 
confirms presence of 
chitin or chitosan]
1038 [carbohydrate 
fingerprint zone]
1027 [carbohydrate 
fingerprint zone]
------
807 [806; 
confirmatory band 
for Mannan type 
glucan]
------- ----------
805 [806; 
confirmatory band for 
Mannan type glucan] -------- ---------
vs = very strong, vbr = vibration, str = stretching, sh= sharp, br= broad. 
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no correlation exists between IR spectra derived taxonomic 
relation and that derived from DNA sequence. The different 
groupings and linkages formed in these two types of taxonomic 
relations (ie. IR spectra derived and DNA sequence derived) 
are entirely different from each other and do not bear any 
correlation whatsoever with each other. 
5. conclusIons
It may be concluded that IR spectral data may serve as a 
‘non-destructive’ tool to characterise and/or classify different 
mushroom species. Hence this procedure can be used as a 
quality control measure to screen mushroom harvests rich in 
particular bio-active compounds.
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